There is a lack of psychological autopsy studies assessing the influence of axis II disorders on other risk factors for suicide. Therefore, we investigated if the estimated suicide risk for axis I disorders and socio-demographic factors was modified by personality disorders. Psychiatric disorders were evaluated by a semi-structured interview including the Structured Clinical Interview for DSM-IV Axis I (SCID-I) and Personality Disorders (SCID-II) by psychological autopsy method in 163 completed suicides and by personal interview in 396 population-based control persons. Personality disorders modify suicide risk, differently for affective disorders, substance use disorders, smoking, life events during the last three months, and socio-demographic factors such as being single. Estimated suicide risk for socio-demographic factors and life events is not substantially altered following adjustment for affective disorders or substance use disorders. These findings suggest that treatment of personality disorders is essential for suicide prevention.
analysis, but after adjustment for axis I disorders only cluster A ("odd" cluster) and cluster C ("anxious" cluster) personality disorders remained significant risk factors. Cheng, Chen, Chen, & Jenkins (2000) have found that loss events, emotionally unstable personality disorder, substance dependence, and major depressive episode are independent risk factors for suicide.
Comorbidity of axis I and axis II disorders is reported in 14% (Vijayakumar & Rajkumar, 1999) to 58% of all suicide victims (Cheng et al., 1997) . Cheng et al. (1997) found that suicide was significantly associated with comorbidity of different personality disorders and with comorbidity of personality disorder with other psychiatric disorders, particularly severe depression. Comorbidity of axis I and axis II disorders is associated with the largest risk for suicide (Cheng et al., 1997; Foster et al., 1999) . Furthermore, suicides, both with and without personality disorders, differ on characteristics such as more frequent life events or living alone (Heikkinen, Henricksson, et al., 1997; Heikkinen, Isometsä, et al., 1997) .
Despite these findings, information about the modifying effects of personality disorders on other risk factors for suicide, such as axis I disorders and socio-demographic factors is lacking (see Schneider, 2003) . Therefore, the aim of our study was to assess how personality disorders modify suicide risk associated with axis I disorders, socio-demographic factors, and life events. All of these variables are well-known risk factors for suicide. We hypothesized that personality disorders modify suicide risk associated with axis I disorders, smoking, socio-demographic factors, and life events.
Personality disorders are major mental health problems, which frequently co-occur with other psychiatric disorders like depressive disorders (Farabaugh, Mischoulon, Fava, Guyker, & Alpert, 2004; Mulder, 2004) and anxiety disorders (Brandes & Bienvenu, 2006) . Co-occurring personality disorders were associated with a worse prognosis for depression compared with no comorbidity with personality disorders, even after controlling for other negative prognostic factors (Grilo et al., 2005; Newton-Howes, Tyrer, & Johnson, 2006) . High comorbidity between personality disorders and substance use disorders has repeatedly been reported (Sher & Trull, 2002) ; comorbidity of personality disorders and substance use disorders is accounted for by distinct causal or developmental pathways to addiction (Verheul, 2001 ). Different personality disorders or personality characteristics were associated with nicotine dependence or smoking (Grant, Hasin, Coun, Stinson, & Dawson, 2004; Terraciano & Costa, 2004) , have different socio-demographic correlations as marital status (Grant et al., 2004) , and influence the occurrence and exposure to life events (Pagano et al., 2004) .
METHODS

STUDY POPULATION
This study has been described previously (Schneider et al., 2004; Schneider et al., 2006) . All 263 suicides (mean age 50.9 +/− 19.6 years, mean +/− SD; 66.2% males) who died in the Frankfurt/Main area (population about one million inhabitants) in 1999 and 2000 were included in the study. All suicides were classified as certain suicides (ICD-10 X 60-X 84) by the Center of Forensic Medicine, which examines all deaths by unnatural or uncertain causes in this region. Twenty suicides did not have any 1st or 2nd degree relatives or other close persons; the relatives of 22 suicide victims could not be interviewed in German and/or were living outside of Germany. In 58 cases, informants of the deceased declined to participate in the study. The relatives of the resulting 163 suicides (mean age 49.8 +/− 19.3 years; 64.4% males; = sample 1) were interviewed, employing the psychological autopsy method with a semi-structured interview (see below) 8.5 +/− 6.8 months after the suicide. There were no significant differences between the included and excluded suicides with respect to gender (p = ns, χ 2 = 1.44; df = 1; χ 2 -test) and mean age (nonresponders: men: 53.3 +/ 19.5 years; p = ns, t = 1.82, df = 149.9; women: 57.2 +/− 15.2 years; p = ns, t = 1.33, df = 68.9; t-test).
In addition, out of the 685 population-based controls contacted, 396 persons (mean age 51.6 +/− 17.0 years; 55.8% males; = sample 2), who were comparable to the suicides regarding residential area, age, and gender, were personally interviewed. The controls were chosen by "random digit dialing." The suicides' relatives and the control persons were contacted by mail introducing them to the research project. All potential informants were told that the participation was voluntary. Control persons were also asked to give their permission for repetition of the interview, for interviews by two interviewers, and for asking a close relative or friend to give an interview about the control person himself or herself.
INSTRUMENTS AND DIAGNOSTIC PROCEDURE
A semi-structured interview, a modified and translated version of the interview applied in the National Suicide Prevention Project in Finland (Henriksson et al., 1993) , and the Structured Clinical Interview for DSM-IV Axis I and II (SCID-I, SCID-II, German version; Wittchen, Wunderlich, Gruschwitz, & Zaudig, 1997; Fydrich, Renneberg, Schmitz, & Wittchen, 1997) were carried out with control persons and with informants about the suicide cases. The whole interview took about three hours to complete. As recommended, SCID-II was employed after SCID-I. Dementia and other cognitive disorders were diagnosed using DSM-IV algorithm. All psychiatric diagnoses introduced in the analyses were lifetime diagnoses.
In order to prove the validity of our method we assessed concordance of DSM-IV axis I and II diagnoses by personal and informant's interview (Schneider et al., 2004) . Agreement by personal and relative's interview generated kappa coefficients above 0.79 for most axis I and above 0.65 for most personality disorder diagnoses. In 69 (31.2%) male and 56 (32%) female control persons and in 39 (37.5%) male and 20 (33.9%) female suicide victims SCID-II results were excluded from statistical analyses be-cause of incomplete data. SCID-II was deemed "incomplete" when at least two items were "not known" for at least one personality disorder.
The study protocol was approved by the ethics committee of the Medical Faculty of the University of Frankfurt/Main and performed in accordance with the ethical standards laid down in the Declaration of Helsinki.
STATISTICAL ANALYSES
The statistical analyses were performed with SAS version 9.1. The χ 2 -test was used to examine associations between categorical variables. Logistic regression analysis (LOGISTIC procedures) was used to estimate the odds ratios (OR) and their 95% confidence intervals (95% CI) for the association between suicide, personality disorders, and particular diagnoses or sociodemographic features. The logistic regression analysis was adjusted for age group and gender. Odds ratios and confidence intervals were not calculated for variables with less than four subjects in suicides or in controls. Table 1 shows the frequency of psychiatric disorders, socio-demographic factors, and life events. Personality disorders were associated with a sevenfold suicide risk (OR = 6.8; 95% CI = 4.1-11.4; adjusted for age and gender). All clusters of personality disorders revealed significantly elevated odds ratios (Cluster A: OR = 4.5; 95% CI = 2.4-8.5; Cluster B: OR = 7.5; 95% CI = 4.2-13.1; Cluster C: OR = 4.1; 95% CI = 2.5-6.8). The estimated suicide risk in those with more than one cluster of personality disorders was greater (OR = 11.8; 95% CI = 6.1-22.9) than for those with only one cluster (OR = 4.8; 95% CI = 2.7-8.8). Comorbidity of axis I-axis II disorders was associated with higher suicide risk (OR = 81.1; 95% CI = 24.1-273.6) than for personality disorders only (OR = 11.0; 95% CI = 2.7-44.9) or axis I disorders only (OR = 22.9; 95% CI = 6.7-78.5). More detailed results including separate analyses for men and women are presented elsewhere .
RESULTS
We did not find significant associations between personality disorders and "not married or cohabitating," "living alone," and "severe illness in family" (p > 0.05; χ 2 -test). "Not married or cohabitating" was not associated with any of the clusters of personality disorders; "low educational level" was not associated with Cluster B personality disorder and "substance use disorders" were not associated with Cluster A and Cluster C personality disorders (p > 0.05; χ 2 -test). Suicide risk for comorbidity of personality disorders with affective disorders, substance use disorders, substance dependence, and alcohol use disorders, current smoking, especially severe current smoking, low educational level was higher than suicide risk for personality disorders and for each of the disorders added together (Table  2) . Personality disorders particularly increased suicide risk of substance dependence and severe current smokers. Odds ratios for "not married" and "living alone" were altered by personality disorders-more than multiplicatively, even after adjustment for substance use disorders and affective disorders. "Severe illness in family" was not associated with increased suicide risk; however, a significantly elevated suicide risk was found for personality disorders with severe illness within the family (Table 2 ). All clusters of personality disorders changed the associations between suicide and affective disorders, substance use disorders, current smoking, being single, low educational level, and life events (Table 3) .
Suffering from only one cluster of personality disorders increased suicide risk more than additively for current smokers, substance use disorders, and particularly for being unmarried or not cohabitating, whereas only one cluster of personality disorders did not substantially modify suicide risk for affective disorders (Table 4) . Diagnosis of personality disorders of more than one cluster changed suicide risk for all factors; however, odds ratios for lack of partnership, with both one cluster and more than one cluster of personality disorders, were similar (Table 4) .
DISCUSSION AND CONCLUSION
Our findings confirm the important role of personality disorders as risk factors for suicide (see Cavanagh, Carson, Sharpe, & Lawrie, 2003; Schneider, 2003; Krysinska, Heller, & De Leo, 2006) and support the hypothesis that personality disorders modify suicide risk. However, estimated risk of .1 (9.0-54.5) severe illness in family 1 8.0 (4.6-13.9) 2.5 (0.9-7.0) 5.6 (1.9-16.6) severe illness in family* 1 7.5 (4.3-13.2) 2.5 (0.9-7.3) 5.5 (1.8-16.9) severe illness in family# 1 6.6 (3.7-11.8) 2.2 (0.8-6.6) 3.9 (1.2-12.1) OR: odds ratio; CI: confidence interval; all odds ratios adjusted for age and gender; *: additionally adjusted for substance use disorders; #: additionally adjusted for affective disorders; suicide in affective disorders, substance use disorders, smoking, sociodemographic factors, such as being cohabitating, and life events was differently modified by personality disorders. Even presuming personality disorders as the underlying variable, the association between personality disorders and other variables is complex and most of the assessed variables are not independently associated with personality disorders; therefore, we only use the more neutral term "modifying effect."
Suicide risk for affective disorders, which are well-known risk factors for suicide (Cheng, 1995; Foster et al., 1999) , was highly increased by comorbidity with personality disorders. This is concordant with previous findings, which consistently show that comorbid-though mostly cluster Bpersonality disorders are significantly associated with completed suicides in patients with mood disorders (Rihmer, 2007) . In keeping with the literature, substance use disorders and alcohol use disorders were identified as risk factors for suicide (Cheng, 1995; Foster et al., 1999; Conner, Beautrais, & Conwell, 2003; Kõlves, Värnik, Tooding, & Wasserman, 2006) . Personality disorders clearly increased the estimated suicide risk for substance use disorders in general and particularly for substance dependence: confidence intervals of the odds ratios for substance use disorders, substance dependence only, and for comorbidity of these disorders with personality disorders were not overlapping, though they were wide. Although it is not quite clear if smoking is indirectly related to suicide risk through the mediation of specific risky personality traits or through a diathesis to substance use disorders or directly related to suicide risk, our and other studies (e.g., Miller, Hemenway, Bell, Yore, & Amoroso, 2000; Davey Smith, Phillips, & Neaton, 2001 ) identified current smoking as a risk factor for suicide. Personality disorders modified suicide risk for smokers strongly-without overlap of the confidence intervals, even following adjustment for affective disorders or substance use disorders.
Odds ratios for lack of stable partnership and living alone, known risk factors for suicide (Vijayakumar & Rajkumar, 1999; Cheng et al., 2000) , OR: odds ratio, CI: confidence interval; all odds ratios adjusted for age and gender.
were increased by personality disorders clearly, i.e., more than multiplicatively, and independently of the number of clusters. In agreement with the literature (Vijayakumar & Rajkumar, 1999; Foster et al., 1999; Cheng et al., 2000; Kõlves, Värnik, Schneider, Fritze, & Allik, 2006) , life events during the last months were risk factors for suicide. In our study, the observed rise of suicide risk by concomitant personality disorders might be explained by the difficulties of people with personality disorders to cope with complicated situations or their increased exposure to stress, by placing themselves in difficult interpersonal and other situations. In keeping with Estonian results (Kõlves, Värnik, Schneider, et al., 2006) , "severe illness in family" did not increase suicide risk and seems to have a slightly protective effect on suicide risk for individuals with personality disorders. Severe illness of a close person might shift attention from one's own problems to other, more demanding matters. This study demonstrates that personality disorders modify the effects of socio-demographic variables and life events on suicide risk, with only marginal alterations following adjustment for substance use disorders or affective disorders.
METHODOLOGICAL CONSIDERATIONS
Our study shares the methodological limitations of all psychological autopsy studies that were comprehensively described and discussed in a recent review (Pouliot & De Leo, 2006) . It was discussed whether the psychological autopsy procedure might be sensitive enough to lead to a retrospective diagnosis of personality disorders, thus resulting in a possible underestimation of their role as a suicide risk factor (Ernst et al., 2004) . Our own results and recent research have shown validity of psychiatric diagnoses including axis II diagnoses by proxy approach (Kelly & Mann, 1996; Schneider et al., 2004) . Furthermore, there are more limitations: The only moderate response rates of our study could represent a certain selection of the population studied. Low response rates were also noted in several studies in Western countries (e.g., Hawton et al., 2002; Cavanagh, Owens, & Johnstone, 1999; Appleby, Cooper, Amos, & Faragher, 1999) . Unfortunately, due to data protection regulations in Germany, we did not get detailed information about suicides and controls if informants declined an interview. Therefore, we could not perform nonresponder analyses in our sample for estimation of selection effects, which might bias the results in an unpredictable direction. Control persons, especially those with mental disorders, might have refused participation in the study or have concealed psychiatric disorders, which might result in underreporting psychiatric diagnoses in controls. However, we have no hints for selection bias, as prevalences of axis I disorders of the control group correspond to those of the general population of Germany (Wittchen, Mü ller, Pfister, Winter, & Schmidtkunz, 1999; Meyer, Rumpf, Hapke, Dilling, & John, 2000) . Contrary to our findings, Wittchen et al. (1999) and Meyer et al. (2000) had observed higher prevalences of somatoform disorders in the general population in Germany; this may be due to differences in study design and instruments. Prevalence of any personality disorder in the control group was higher than in one other German study (Maier, Lichtermann, Klingler, Heun, & Hallmayer, 1992) . Other studies using different instruments and DSM-III or DSM-III-R as diagnostic systems have found up to 22.5% personality disorders in community samples (Torgersen, Kringlen, & Cramer, 2001) . The overall prevalence of personality disorders of suicides in our study was high, but in keeping with recent results: Cheng et al. (1997) reported personality disorders to range between 46.7% and 76.7% in completed suicides among three ethnic groups in Taiwan, although much lower percentages were found in most of the studies in the last decades (Bertolote, Fleischmann, De Leo, & Wasserman, 2004; Arsenault-Lapierre, Kim, & Turecki, 2004) . However, varying diagnostic systems and interviews were applied in these studies; therefore, comparability of their results is limited. The surveys having found high prevalences of personality disorders used specific structured interviews such as the ones we used. A further limitation was that we introduced only lifetime diagnoses, which are more likely to be stable, especially for substance use disorders, in the analyses. In our study, only 1-month prevalences were lower than lifetime prevalences in the control, but not in the case group. This could also lead to an underestimation of relative risks for suicide. Due to our small sample, separate analyses for men and women could not have been carried out, although risk constellations and modification may be different for both genders (Arsenault-Lapierre et al., 2004; McGirr et al., 2006) . Furthermore, odds ratios were unstable with wide and often overlapping confidence intervals, and so precise risk estimation is limited. As more differentiated analyses are not possible in small subgroups, effect modification and confounding by other, unincluded factors, e.g., comorbidity with other axis I disorders, could not be analyzed. Moreover, modification of suicide risk by personality disorders could not be assessed for psychiatric disorders with only low prevalences, e.g., for eating disorders.
IMPLICATIONS FOR SUICIDE PREVENTION
Our study highlights the importance of the modifying effect of personality disorders on suicide risk for psychiatric disorders, life events, and sociodemographic variables. This suggests that therapeutic interventions have to aim at personality disorders, even if these are comorbid with axis I disorders. Furthermore, as the majority of studies conducted to date have concentrated on borderline and antisocial personality disorder (Weinberg, Gunderson, Hennen, & Cutter, 2006) , there is a need for more studies examining treatment response in other personality disorder diagnostic groups.
